The nucleotide sequences of the envelope genes of an African and a North American acquired immunodeficiency syndrome (AIDS) viral isolate have been determined. When their deduced amino acid sequences were aligned with the-envelopes of the lymphoadenopathy and AIDS-associated retrovirus isolates, conserved and divergent regions were readily identified. (4, 10, 11) . For example, sequence analysis of the env region of the lymphoadenopathy virus (LAV) and AIDSassociated retrovirus (ARV) isolates revealed the presence of numerous nucleotide substitutions and several reciprocal insertions and-deletions resulting in 9% polynucleotide sequence heterology and a 15% difference in the deduced amino acid sequence (10).
env region of the lymphoadenopathy virus (LAV) and AIDSassociated retrovirus (ARV) isolates revealed the presence of numerous nucleotide substitutions and several reciprocal insertions and-deletions resulting in 9% polynucleotide sequence heterology and a 15% difference in the deduced amino acid sequence (10) .
The AIDS retrovirus interacts with the immune system in a puzzling way. Virtually everyone infected with the virus synthesizes an antibody directed against a portion of the viral envelope (11) (12) (13) (14) . However, unlike antibodies reactive with other viral envelopes, the one detected in the sera of individuals exposed to the AIDS retrovirus has little if any protective value (15) . Since several therapeutic and preventative strategies of viral intervention currently focus on envelope proteins, a definitive evaluation of the structurally diverse env gene and its polypeptide products is urgently needed. In this report we present the nucleotide and deduced amino acid sequences ofthe env genes of one African and one North American AIDS retrovirus isolate. Their alignment with the analogous segment of the LAV and ARV isolates indicates the location of highly conserved and profoundly divergent domains of the env gene.
MATERIALS AND METHODS
Virus holates and Molecular Cloning. The African (Z3) and North American (NY5) AIDS retroviruses used in this study were isolated in 1983 and 1984, respectively, and have been previously described (5) . Molecular clones of proviral DNAs were obtained from cellular DNA preparations isolated from infected, phytohemagglutinin-stimulated, normal peripheral blood lymphocytes (16) . On the basis of previous restriction mapping (5) , integrated proviral DNA of NY5 was cloned as two separate EcoRI restriction fragments. Infected cellular DNA was prepared as previously described (17) , digested with EcoRI, ligated to EcoRI-digested X Charon 4A (18) arms with T4 DNA ligase, packaged in vitro, and plated on Escherichia coli DP50 supF as previously described (19) . The Z3 clone was obtained from a library prepared from a size-selected partial Mbo I digest of infected cellular DNA, inserted into BamHI-cleaved EMBEL-3 (20) phage DNA, packaged in vitro, and plated on E. coli NM539 cells (Promega Biotec, Madison, WI). Approximately 2 x 106 phage plaques from each library were screened (21), using the 2P-labeled pBENN-6 (16) DNA clone of the LAV provirus.
Restriction maps of the proviral DNA clones were constructed by using Southern blot hybridization (22) and several contiguous 32P-labeled LAV probes as previously outlined (5) . Presumptive full-length proviral DNAs were inserted into pBR322 (NY5 as two separate EcoRI fragments) or pUC18 (Z3).
Nucleotide Sequencing. DNA restriction fragments from the env genes of the cloned proviruses were preparatively isolated and inserted into M13 phage vectors (23) . A series of sequential overlapping M13 clones was generated by utilizing the exonuclease activity associated with T4 DNA polymerase (24) , and the resulting single-stranded templates were sequenced by the dideoxy chain termination procedure (25) .
Preliminary alignments of nucleotides and amino acid sequences were performed using NUCALN and PRTALN (26) . Additional amino acid alignments were generated by hand to maximize homology and the variability at each position was analyzed (27) .
RESULTS AND DISCUSSION
Significant heterogeneity among different AIDS retrovirus genomes, primarily affecting sequences encoding the viral envelope proteins, has been previously reported (1) (2) (3) (4) (5) tTo whom correspondence should be addressed.
5038
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
Proc. Natl. Acad. Sci. USA 83 (1986) 5039 have been published and the results of restriction enzyme mapping studies indicated that viruses obtained from African patients were significantly more heterogeneous than North American samples, we decided to sequence the env genes of isolates from Zaire and New York. The origins of these two samples (Z3 and NY5) have been previously reported (5) .
Molecular clones were obtained from phage libraries of infected cellular DNAs, as described in Materials and Methods, and preliminary restriction maps were constructed (Fig.  1) . A potential full-length proviral DNA clone was obtained for Z3, while NY5 was found to lack 3' LTR and B region sequences.
Nucleotide Sequence of Z3 and NY5 env Genes. Restriction fragments isolated from the env regions of the two cloned AIDS retrovirus proviruses were inserted into M13 phage vectors; the direction and strategy for dideoxy sequencing are depicted in Fig. 1 . The nucleotide sequences ofthe Z3 and NY5 env genes were aligned with one another and are shown in Fig. 2 . The Z3 provirus contains a complete env coding region that begins with an ATG initiation codon at position 58-60 and ends with the TAA terminator at 2637. It should be noted that the env region of the NY5 clone is abruptly truncated at position 2125; sequences 3' to this point are clearly not related to the AIDS retrovirus family, consisting instead of long stretches of repetitive C-A and T-G pairs previously reported to be present in human genomic DNA (28, 29 Fig. 4 ) could be identified. The first, spanning 92 amino acids between positions 38 and 130, was situated immediately downstream from the site at which the leader peptide is cleaved to generate the gp160 envelope glycoprotein (12) and was 84% identical at each position among all four proviruses. The second conserved domain, located between deduced amino acids 212-315, and therefore within the external envelope glycoprotein gpl20, was 83% conserved. The third encompassed the processing site giving rise to gp120 and the membraneassociated envelope glycoprotein gp4l (14) . This region, located between positions 498 and 650, was 86% identical.
The fourth conserved env segment (amino acids included the hydrophobic transmembrane residues (positions 716-740) present within gp4l (6) (7) (8) (9) and was 92% conserved. Since the NY5 provirus did not extend beyond amino acid 726, it was not included in the latter comparison.
Four regions of hypervariability (positions 137-211, 316-370, 412-440, and 651-675 in Fig. 3 and designated A, B, C, and D in Fig. 4) were present within the env genes of the four AIDS retroviruses. The first three contained multiple insertions/deletions and were 21-30% identical at each position; within the fourth, only point mutations were present, resulting in 50o conservation among the four isolates. As shown in Fig. 3 , the Z3 env region was consistently the most variable. A perplexing feature of hypervariable domains A, B, and C was the seemingly random pattern of insertions and deletions. For instance, over a stretch of 29 amino acid residues in region C (positions 412-441) deletions of 7, 12, 7, and 8 residues occurred at different positions within the env genes of LAV, ARV, Z3, and NY5, respectively. No two patterns were alike.
Analyses of the AIDS retrovirus env alignment presented in Fig. 3 revealed two additional points of topological note. Ofthe 32, 31, 27, and 30 potential N-linked glycosylation sites present in LAV, ARV, Z3, and NY5, respectively, only 17 were conserved in all four isolates (Fig. 4) . Thirteen were situated in the gpl20 external envelope protein and four mapped to the membrane-associated gp4l. In contrast to the potential glycosylation sites, a majority of the cysteine residues were conserved in the env genes of the four isolates. All 20 cysteines in the NY5 env region were present in the LAV, ARV, and Z3 isolates (see Fig. 4 for their locations). The two conserved cysteines located within gp4l are of particular interest because one or both could be involved in the disuffide bonds linking gp120 to gp4l, as is the case for other retroviral envelopes (30) .
The AIDS retrovirus env region also contains sequences that encode, in a different reading frame, a portion of the trans-activating protein (31, 32) . The mRNA for this viral gene product is spliced two times and the third exon, located within the env region, specifies 14 and 29 amino acids in the human T-lymphotropic virus type III and ARV isolates, respectively. The deduced amino acid sequence for this portion of the Z3 provirus (the truncated NY5 clone terminated 67 nucleotides upstream of this point), shown in Table   1 , indicates that the first 11 residues are highly conserved. Of particular note is the presence of several additional amino acids in the open reading frames of both ARV and Z3 although, as has been previously reported, these residues may not be required for trans-activation (31) .
Two properties common to all AIDS retrovirus isolates (namely, tropism for T4 lymphocytes and the ability to elicit antibody in virtually everyone exposed to virus) are thought to reside in the viral envelope and, most likely, involve one or more of the highly conserved segments of the env gene. In this regard, we have constructed bacterial expression vectors that synthesize AIDS retrovirus envelope proteins in E. coli. Peptides encoded by conserved region 3 and spanning the processing site that gives rise to gpl20 and gp4l (14) react with antisera from individuals exposed to the AIDS retrovirus (E. Shelton, F. Salazar, and H. Chan, personal communication). This is similar to findings ofbacterially synthesized 17-kDa (11) or 82 amino acid (33) polypeptides with similar reactivities that also map to conserved region 3. In other Proc. Natl. Acad. Sci. USA 83 10 50 100 
The deduced amino acid sequences comprising the third trans-activation exon of human T-lymphotropic virus type III (HTLV-III) and ARV have been previously reported (32) . The sequence of the analogous region of the Z3 provirus was deduced from nucleotides 2199 to 2289 shown in Fig. 2. low-stringency Southern blot hybridizations, utilizing different subgenomic AIDS retrovirus probes, and detected no cross-reactivity with preparations of uninfected human genomic DNA or cloned human endogenous retroviral sequences (data not shown). In addition, computer-assisted comparisons of the AIDS retrovirus env regions with analogous segments of human endogenous retroviral sequences (35) reveal no significant polynucleotide or deduced amino acid homology. Thus, recombination with endogenous retroviral sequences in human chromosomal DNA is a highly unlikely mechanism to explain the diversity of the AIDS retrovirus env region. On the other hand, the nucleotide sequence of the noninfectious Z3 molecular clone indicated that a T had been inserted at position 1431 (Fig. 2) 
